ABSTRACT
Nonparametric methods of linkage analysis are the preferred methods for mapping quantitative traits in population-based or selected samples. Such methods date back to Penrose (1935) , with likely the most widely-used approach the one presented by Haseman and Elston (1972) , which addressed two-point linkage between a single marker and a quantitative trait using sib pairs. The method regressed the squared sib phenotypic difference on the estimated proportion of alleles the sib pair shared identical by decent (ibd) at a single marker. Multipoint extensions for sib-pair Quantitative Trail Locus (QTL) linkage have since become available, including first a rapid approximate method that employed linear regression to interpolate ibd sharing between loci and soon after an exact procedure employing the Lander and Green (1987) algorithm (Kruglyak and Lander, 1995) .
A highly useful and rapid method of analysis of sibship data selected for the presence of an extreme proband was presented by Fulker (1985, 1988; LaBuda et al., 1986) in the context of estimation of heritability and shared environmental variance from monozygotic and dyzygotic twins. The method has since been extended for analysis of QTL data (Fulker et al., 1991; Fulker and Cardon, 1994) and the power of the method explored . It has been used successfully to map a QTL for reading disability which has since been replicated using this methodology (Gayán et al., 1999) and other methods (Fisher et al., 1999; Grigorenko et al., 1997) . The method * To whom correspondence should be addressed. is presently not available as an option in any linkage analysis software package, requiring the researcher to either write their own code or, more often, opt to use alternative, but perhaps less powerful, methods.
The present SAS R macro package is designed for analysis of proband-selected sibship data, as well as unselected sibship data. It takes as input an ibd file dumped from Genehunter (Kruglyak et al., 1996) and a pedigree file containing one or more phenotypes and a proband designator (in place of affection status in a linkage-format file), which can be used as input to Genehunter to obtain the ibd file. For analysis of selected samples, the DeFriesFulker (DF) Fulker, 1985, 1988; LaBuda et al., 1986) basic model is fitted to the data:
(1)
where for sib pair i, the co-sib's phenotypic score (C i ) is predicted by the proband's score (P i ) and the sib pair'sπ, the estimated proportion of alleles shared ibd at a given location along a chromosome. For each location at which an ibd has been requested in the Genehunter output, this regression is fitted and the results are tabulated and plotted. B 2 provides an estimate of the proportion of variance accounted for by the putative QTL (provided the data are suitably transformed prior to analysis; DeFries and Fulker, 1985 Fulker, , 1988 LaBuda et al., 1986 ) and the corresponding t statistic provides a test of linkage. The output includes the raw and standardarised regression coefficients and t statistics for each chromosomal location, along with optional influence statistics useful for establishing which pairings are contributing most to the linkage test statistic and for detecting outliers. A plot of the t statistic for linkage or corresponding p value is also provided. In the case of sibships larger than pairs, each sib's score is predicted by each proband's score. In the case of multiple probands, the probands will appear on both sides of the regression equation (once as proband and again as a co-sib). The resulting t statistic is then adjusted by producting it by the square root of the ratio of the number of unique pairings to the number of pairings resulting from this double-entry procedure. The number of sib pairings, both before and after double-entry, is also provided in the output. The DF augmented model is also fitted:
where B 5 provides an alternative test for linkage (appropriate both in selected and unselected samples; see LaBuda et al., 1986 for an explanation of the distinction between tests of B 2 and B 5 in selected samples). For analysis of unselected samples, all possible pairings of siblings within a family must be formed, with each sib appearing on both sides of the regression equation. The resulting t statistics are then adjusted for this double-entry procedure. Double-entry of all individuals in an unselected sample acknowledges the intraclass relationship among siblings in a family. Similar output is produced as for the basic model. In addition, the package will compute original Haseman-Elston regressions (Haseman and Elston, 1972) , as implemented in the SAGE (1998) program, and new Haseman-Elston regressions (Elston et al., 2000) .
Once the estimated proportion of alleles shared ibd at a given chromosomal location is available, implementation in a statistical analysis package of the DF method of QTL mapping is trivial, since it uses simple linear regression. However, complications arise in merging pairwise ibd information as output from Genehunter (Kruglyak et al., 1996) , computing the regression repeatedly across the chromosome, accommodating sibships larger than sib pairs, and accommodating sibships with multiple probands. The SAS R macro package we provide overcomes these obstacles and provides a powerful tool for QTL mapping in selected samples thus far not readily available.
